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Context Acquisition Based on Load Sensing 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority from U.S. Provisional Application Serial No. 
60/414,331, filed on September 30, 2002, and titled CONTEXT ACQUISITION BASED ON 
LOAD SENSING. 

TECHNICAL FIELD 

This description relates to context acquisition based on load sensing. 

BACKGROUND 

Load sensing includes measuring the force or pressure applied to a surface. It is 
widely used to measure the weight of goods, to monitor the strain on structures, and to gauge 

filling levels of containers. 

Load sensing has also been used, to a limited degree, to capture contextual 
information, such as identity and location of people and objects, and the detection of activity. 
For example, segmented surfaces composed of load-sensitive tiles have been used to identxfy 
and track people. Similarly, a grid of piezoelectric wires under a carpet has been used to 
track the movement of people in artistic performances. It is also possible to perform object 
identification by temporarily linking a virtual object with a physical item placed on a load 
sensitive surface which has embedded high precision scales. The link is maintained by 
reference to the weight of the physical item. 

A common approach to capturing contextual information is through the use of 
location sensing. For example, computer vision has been used to identify the location of 
people, and to detect their activity. This location information may then be provided as 
contextual information to another information processing system. 

SUMMARY 

According to one general aspect, force information is sensed at a plurality of points 
on a substantially continuous surface, the force information related to an object on the 
surface. A distribution offeree exerted by the object, relative to the surface, is calculated 
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b ased on .he feme information, and a location of the object on the surface is determined, 

based on the distribution of force. 

cementations may have one or more of the foHowing features. For example, tn 
computing the center of force, a total force applied to the surface by the object may be 
computed, and a center of force of.be object on me surface may be computed. In thts case, a 
ft* component of me cen.er offeree may be determined by computing a firs, quotient of a 
firs, sum and a total force applied to .he surface by fire object, the firs, sum obtained by 
summtng a firs, force apphed a, a firs, point and a second force applied a, a second pom. and 
a second component of.be cen.er of pressure, perpendicular .o me firs, component, may be 
determined by computing a second quotient of a second sum and the total force, fite second 
sum being obtained by summtng the firs, force applied at .he firs, point and a thtrd force 

applied at a third point. 

Also the firs, and second components of the center of force of the object maybe 
computed a« a firstperiod of time, the firs, and second components of the center offeree of 
the object may be computed a. a second period of time, and a new .ocation of the object on 
to surface may be detected, based on a change in to firs, and second components from to 
first period to the second period. 

A variation in the force information may be sensed, and a change in to location of 
to object, relative to to surface, may be detected based on to variation in to force 
information. The force information may be amsed a. a .afor period of time, and a second 
focation of a second object on to surface may be detected, based on to force information. 
b this case, in computingthe center offeree, a firs, component of to center offeree may be 
determined by computing a firs, quotient of a firs, sum and a total force applied to to surface 
by the object, to firs, sum obtained by summing a firs, force applied a. a firs, potnt and a 
second feme applied a, a second point, and a second component of to center of pressure, 
perpendicular to to firs, component, may be determined by computing a second quonen. of 
a second sum and to total force, to second sum being obmined by summing to firs, force 
applied at to first point and a third force applied at a third point. 
' ' Also the object may be identified as a person, and a position of to person may be 
.racked. The second object may be identified as a possession of to person, an absence of to 
person on to surface may be detected, and to person may be alerted that to second object 
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has been left behind. The first and second objects may be identified as people, and a center 
of activity of the people may be tracked. 

In sensing force information, a voltage level at a plurality of load cells may be 
measured, each of the load cells corresponding to each of the plurality of point, In tins case, 
the force applied by the surface to the load cells may be compensated. 

According to another general aspect, a system includes a plurality of sensors below 
different points on a substantially continuous surface, the sensors operable to sense force 
information, and a processor connected to the sensors and operable to determine contextual 
information about a first object on the surface, based on the force information. 

Implementations may have one or more of the following features. For example, a 
location determination module operable to determine a center of force of the object maybe 
included. In this case, the location determination module may be operable to determine a 
change in a first location of the object relative to the surface. Also, the location 
determination module may be operable to determine a second location of a second object . 

An interaction characterizer module for characterizing an interaction of the object 
with the surface may be included, where the interaction characterizer identifies a change in 
the number of objects on the surface. Also, a visualizer that is operable to generate visual 
representations of the force information may be included. 

The sensors may include four load sensors in a rectangular configuration. The 
surface may include a table or a shelf, and a personal computer may be connected to the 
processor. 

A second plurality of sensors may be included below different points on a second 
surface, a second processor connected to the second plurality of sensors, and a personal 
computer connected to the processor and second processor. 

According to another general aspect, sampling force information is sampled at points 
on a continuous surface during a plurality of time intervals, and an interaction is identified 
between an object and the surface based on the sampled information. 

Implementations may have one or more of the following features. For example, an 
average force on the surface during each of the time intervals may be computed. A 
variability in the force on the surface may be computed during each of the time intervals. 

A first average weight during a starting interval may be compared to a second average 
weight during an ending interval, a first variability during the starting interval may be 
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determined to meet or exceed a variability threshold value, a second variability dunng the 
ending interval may be compared to a third variability during an intermediate interval, 
between the starting and ending intervals, and a change in a number of objects on the surface 
may be identified, based on the first and second average weights, and the first second, and 

5 third variabilities. In this case, a difference between the first average weight and the second 
averageweightmaybe compared to an average weight threshold. It may be determined that 
a difference between the first and second average weights meets or exceeds an average 
weight threshold and that the third variability meets or exceeds a variability threshold value, 
so that the third variability may be compared to the first and second variabilities, and a 

1 o change in object position may be identified. 

The details of one or more implementations are set forth in the accompanying 
drawings and the description below. Other features will be apparent from the description and 
drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG 1 is a flow chart illustrating techniques for determining object location. 
FIG 2 is a diagram of a load sensing surface. 

FIG 3 is a block diagram of a system for sensing position and interaction information. 
FIG 4 is a block diagram of a data packet. 
FIG 5 is a block diagram of a load sensing system. 
FIG 6 is a flow chart of a method of determining object location. 
FIG 7 is a flow chart of a method of determining object location.. 
FIG. 8 is a flow chart of a method of determining interaction information. 
FIG 9 is a flow chart of a method of determining interaction information. 
FIG 10 is a graph of interaction information with respect to time. 
FIG 11 is a diagram of a room with load sensing surfaces. 
FIG 1 2 is a diagram of a system for processing information from multiple load 

sensing surfaces. 

DETAILED DESCRIPTION 

FIG. 1 is a flowchart illustrating an overview of techniques for determining a location 
30 of an object on a single continuous surface. The object exerts a force or pressure on the 
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surface (102). The pressure may be measured, using one or more of various types of sensors, 
at a plurality of points on the surface (104). The location of the object may then be 
determined based on the pressure information sensed by the sensors (106). 

FIG 2 shows a rectangular surface 20 having four load sensors 22, 24, 26, 28 which 
sense the force or pressure exerted on them by one or more objects placed on the surface 20, 
in accordance with the techniques of FIG. 1 (102, 104). The load sensors 22, 24, 26, 28 are 
placed at, or beneath, the four corners of the rectangular surface 20. Each load sensor 
generates a pressure signal indicating the amount of pressure exerted on it. 

The pressure signals may be sent to a processor 30, such as a microcontroller or a 
personal computer, which analyzes the signals. The surface 20 may be, for example, a table 
top, and the sensors 22, 24, 26, 28 may be, for example, industrial load sensors, such as may 
detect forces up to SOON. In the example of FIG. 2, each sensor is operable to emit a voltage 
signal that is linearly dependant on the amount offeree applied to it. 

Together, the sensors 22, 24, 26, 28 measure the distribution offeree on the surface 
20 In FIG. 2, an object 42 is shown placed on the surface 20. If the object is placed in a 
center 44 of the surface 20, the pressure at each of the corners of the surface will be the same. 
The sensors will then sense equal pressures at each of the corners. If, as FIG. 2 shows, the 
object 42 is located away from the center 44, closer to some comers than others, the pressure 
on the surface will be distributed unequally among the corners and the sensors will sense 
different pressures. For example, in FIG. 2, the object 42 is located closer to an edge of the 
surface including sensors 22 and 28 than to an edge including sensors 24 and 26. Likewise, 
the object is located closer to an edge including sensors 26 and 28 than to an edge including 
sensors 22 and 24. The processor 30 may thus evaluate the pressures at each of the sensors 
22, 24, 26, 28 to determine the location of the object 42. 

' Techniques associated with FIG. 2, as discussed in more detail below, may be used in 
many different scenarios. For example, as shown in FIG. 1 1, the surface 20 may represent a 
floor in a room, and the object 42 may represent a person moving about on the floor. In this 
way, movements of the person may be tracked relative to other persons and items in the 
room. As also discussed with respect to FIG. 1 1, the surface 20 also may represent a table or 
shelf on which various items, such as computers and books, may be set. In this way, such 
items may be tracked for, for example, security purposes. Additionally, as discussed with 
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respect to FIG. 12, multiple sets of the surface, sensors, and processors may be tracked at 
once, so as to analyze interactions between people and objects and the various surfaces. 

FIG. 3 shows a system 32 for sensing position and interaction information, with 
respect to objects on the surface 20. Each sensor 22, 24, 26, 28 outputs an analog signal that 
is converted to a digital signal by, for example a standard 16-bit analog to digital converter 
(ADC) 34. The ADC 34 links to a serial line of a personal computer (PC) 38. In one 
implementation, the sensors 22, 24, 26, 28 are powered with 10V, and emit signals ranging 
from 0 to 40mV. The signals may be amplified by amplifiers 40 to, for example 0 to 2.5V, 
before being sampled by the ADC 34. The ADC 34 may be configured to sample at a low 
sampling frequency, for example 4 times per second. Thus, in the example of FIG. 3, each 
sensor 22, 24, 26, 28 senses the force applied to it and generates a voltage signal that is 
proportional to that force, whereupon each signal is amplified by a discrete amplifier forming 
part of block 40 and sampled by the ADC 34, and the sampled signal is communicated to the 

processor 30 for processing. 

In FIG. 3, the industrial load cells 22, 24, 26, 28 used to sense position and interaction 
information may use resistive technology, such as a wheat stone bridge that provides a 
maximum output signal of 20mV at a driving voltage of 5V. The signals may be amplified 
by a factor of 220, to an output range of 0 to 4.4V, using LM324 amplifiers 40. 
Alternatively, instrumentation amplifiers, such as an INA1 1 8 from Analog Devices may be 
used. Each amplified signal may be converted into a 10-bit sample at 250 Hz by the ADC 
34, which may be included in the processor 30. Alternatively, the ADC 34 may be a higher 
resolution external 16-bit ADC, such as the ADS8320. A multiplexer 46 may be used to 
interface several sensors 22, 24, 26, 28 with a single ADC 34. The processor 30 may identify 
the location of objects, or detect events, and send location and event information to the PC 
38. A memory 48, such as a FM24C64 FRAM chip from Ramtron, may be used to store 

history information. 

The location and event information may be sent using serial communication 
technology, such as, for example, RS-232 technology 50, or wireless technology, such as a 
RF transceiver 52. The RF transceiver 52 may be a Radiometrix BIM2 that offers data rates 
of up to 64kbits/s. The information may be transmitted at lower rates as well, for example 
19,200 bits/s. The RF transceiver 52 may, alternately, use Bluetooth technology. The event 
information may be sent as data packets. 
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Specifically, FIG. 4 shows a data packet 54, which includes a preamble 56, a start- 
byte 58, a surface identifier 60, a type of event identified 62, and other event-dependent data 
64. The surface identifier 60 indicates the identity of the surface on which the event 
information was generated, from among multiple surfaces being tracked. 

The processor 30 may be configured with parameters such as the size of the surface, a 
sampling rate, and the surface identifier 60. The PC 38 may send the configuration 
information to the processor 30 using, for example, the serial communication device 50 or 
52. The configuration information may be stored in a processor memory associated with the 
processor 30. 

As FIG. 5 shows, software modules may interact with the processor 30. For example, 
a location determiner, which may be a location determiner software module 66, may be used 
to calculate the pressure on the surface 20, based on information from the sensors 22, 24, 26, 
28. The location determiner 66 may include, for example, a Visual Basic program that reads 
periodically from the ADC 34 and calculates the center of pressure exerted by the object 42. 
The Visual Basic program also may be configured to visualize the result, as discussed in 
more detail with respect to FIG. 10. 

FIG. 6 shows a method of determining the location of an object 42 using the location 
determiner 66. The pressure is measured at each of the sensors 22, 24, 26, 28 (602). The 
pressure at each sensor may be represented as F 22 , F 24 , F 26 , and F 28 . The location determiner 
66 calculates the total pressure on the surface 20 (604) and determines directional 
components of the location of the object 42. 

For example, the location determiner 66 may determine that a component of the 
location of the object 42 that is parallel to the edge of the surface that includes sensors 26 and 
28 (the x-component) (606), as well as a component of the location perpendicular to the x- 
component and parallel to the edge of the surface including sensors 24 and 26 (the y- 
component) (608). The center of pressure of the object 42 is determined as the point on the 
surface identified by an x-coordinate and a y-coordinate of the location of the object. 

For example, the position of sensor 22 may be represented by the coordinates (0 , 0), 
the position of sensor 24 may be represented by the coordinates (x max , 0), position of sensor 
26 may be represented by the coordinates (x max , ymax), and the position of sensor 28 may be 
represented by the coordinates (0 , y ma x), where x max and ymax are the maximum values for the 
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x and y coordinates (for example the length and width of the surfaee 20). The positron of the 
center of pressure of the object 42 may be represented by the coordinates (x,y). 

FIG. 7 shows a more detailed method of determining the location of the object 42. 
Specifically, the total pressure on the surface (F x ) is computed by measuring pressure at each 
of the sensors 22, 24, 26, and 28 (702), and then summing the pressures measured at each of 
the sensors 22, 24, 26, 28(704): 
F=F 22 +F 2A +F 26 +F 

28 

The x- coordinate (x) is determined by first summing the pressure measured at 
sensors located along an edge parallel to the y-component (for example, sensors 24 and 26) 
(706). The sum may then be divided by the total pressure on the surface to determine the x- 
coordinate of the center of pressure of the object (708): 
F 24 +F 26 



x=x 



max x 

Likewise, the y- coordinate (y) of the center of pressure may be determined by first 
summing the pressure measured at sensors located along an edge parallel to the x-component 
(for example sensors 26 and 28) (710). The sum may then be divided by the total pressure on 
the surface to determine the y- coordinate of the center of pressure of the object (712): 



F 2 6 +F 2i 



max X 



The surface 20 itself may exert a pressure, possibly unevenly, on the sensors 22, 24, 
26, 28. Similarly, as FIG. 2 shows, a second object 68, already present on the surface 20, 
may exert a pressure, possibly unevenly, on the sensors. Nonetheless, the location 
determiner 66 may still calculate the location of the first object 42 by taking into account the 
distribution of pressure existing on the surface 20 (or contributed by the surface 20) prior to 
the placement of the first object 42 on the surface 20. For example, pre-load values at each 
of the sensors 22, 24, 26, 28 may be measured and the total pressure (F0 X ) on the surface 20 
prior to placement of the first object 42 may be determined by summing the pre-load values 

(F0 22 , F0 24 , F0 26 , F0 28 ) at each of the sensors 22, 24, 26, 28: 

^0,= F0 22 +F0 24 +F0 26 +F0 28 
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The x- coordinate of the center of pressure of the first object may be determined by 
subtracting out the contributions to the pressure made by the second object 68 (or by the 

surface 20 itself): 

(F 24 -F0 24 ) + (F 26 -F0 26 ) 

X=X ^ (^oX~ 

The y- coordinate of the center of pressure of the first object may be determined similarly: 

(F 26 -F0 26 ) + (F 28 -F0 28 ) 

y=y (^bj 

max v x *' 

An object tracker 70, shown in FIG. 5, processes information from the location 
determiner 66. Specifically, the object tracker 70 tracks the movement of the object 42 by 
determining its location at different points in time. The object tracker 70 may be, for 
example, a software module controlled by the processor 30. Alternatively, it may be a 
software module controlled by the PC 38 that interfaces with the processor 30. The object 
tracker 70 may store a history of the location of the object with respect to time, using 
information from the location determiner 66 and the memory 48. 

In addition to position information, interactions or events between the object and the 
surface also may be determined. For example, the object 42 may be placed on the surface 20, 
or removed from the surface 20, or, if resting in an upright position on the surface 20, it may 
be knocked down. These interactions may be recognized and classified by analyzing the 
pressure information from the sensors 22, 24, 26, 28. In one implementation, each sensor 
may be an industrial load cell that may handle a maximum of 20N. The voltage signals from 
the sensors may be amplified using the amplifiers 40 to a generate signals in the range of 0 to 
4.4V. An interaction analyzer 72, shown in FIG. 5, may process interaction information 
from the sensors 22, 24, 26, 28. The interaction analyzer 72 may include a software module 

controlled by the processor 30. 

FIG. 8 shows a method of determining interaction information using the interaction 
analyzer 72. The total pressure on the surface is sampled and measured during several 
intervals that are defined by an occurrence of an event. The total pressure on the surface may 
be sampled during a first interval before the event (802), during an intermediate interval 
(804), in which the event takes place, and during an ending interval (806), after the event has 
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^enplace.InoneimplemenUtton^em^sn^ybepartofasHdingwindowoftoe 

that incrementally moves forward over time. 

The shding window may be, for example, a 500ms sliding window, where a tot 
window is a period of time from 0ms to 500ms, a seeond window is a period of ttme from 
lms to 501ms, and so on. The final 500ms of the sliding window, for example, may be 
sa.np.ed a. a fre,ne„ey ehosen to generate ,25 samphng points. The starting mterva, may 
the first 25 sampling points, the intermediate interva! may be the next 75 samphng pontts, 
and the ending interval may be the final 25 sampling potnts. 

The interaction analy^r 72 may compute characteristics of the load on the surface 
during each of the interval, For exampie, .he interaction ana,yzer 72 may compute the 
average total pressure on the surface 20 during each interva. (steps 808, 8,0, 8,2). The 

the tota. pressure on the surface 20 changes during each interva. (steps 8,4, 816, 818). By 
eompariug the characteristics of these iutervaU to each other, the iuteractton anatyzer 72 may 

be operable to characterize the event. 

The average total pressure on the surface during each interval may be computed as 

follows (808, 810, 812): 

M,-124)..(M0I) 

Average pressure during starting interval A s - ^ 

I.FJU) 

. . _ MM00). ((-25) 

Average pressure during intermediate interval A m - ?5 

, . . , , a H.-24)..«) 

Average pressure during ending interval A e - 25 

The change values for each interval may be computed as follows (814, 816, 818): 

/ = (M24)..(f-101) 

Starting interval change value D s - — 
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Intermediate interval change value V m - ?5 
Ending interval change value D= — 



FIG 9 shows a method of characterizing an interaction or event. The average total 
pressure values and change values are computed as above (902). By examining the average 
total pressure and change values, the interaction analyzer 72 may characterize the event, for 
example as a placement of an object on the surface (steps 904, 906, 908, 910), a removal of 
an object from the surface (steps 912, 914, 916, 918), or as a knocking over of an object on 
the surface (steps 920, 922, 924, 926, 928). 

An event that includes placing an object on the surface may be characterized by an 
increase in the average total pressure. For example, the average total pressure during the 
interval before the event (A s ) is less than the average total pressure during the interval after 
the event (A,). The interaction analyzer may compare the starting and ending average total 
pressures by determining whether the average total ending pressure exceeds the average total 
starting pressure by a threshold value 6 (904): 
A s + 5 < A e 

The threshold value 5 may be chosen based on properties of the system components 
chosen, for example properties of the sensors 22, 24, 26, 28 (e.g. the maximum pressure and 
the sensor resolution) and the ADC 34 (e.g. the ADC resolution). 

The interaction analyzer module 72 determines that the average total pressure on the 
surface before the event was stable, by determining that the change value D s is close to zero 
(906). The interaction module 72 may compare D s to a small threshold value 8 and determine 
that D s < 8. The threshold value 8 may be chosen based on properties of the system 
components. The interaction analyzer module 72 also may determine that the change in 
average total pressure is greater during the interval when an object is placed on the surface 
than in the ending interval, when the total pressure has stabilized (D m > D e ) (908). Thus the 
interaction analyzer module 72 may determine that an object has been placed on the surface 
20 if the average total pressure on the surface 20 was stable in the starting interval, 
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experienced a change in the intermediate interval, and stabilized at a higher average total 

pressure in the ending interval. 

Similarly, the interaction analyzer 72 may determine that an object has been removed 
from the surface. In the case of an object removal event, the average total pressure during 
the ending interval is determined to be less than during the starting interval (A s > Ae + 5) 
(912); the average total pressure is determined to be stable in the starting interval (D s < e) 
(914); and the average total pressure experiences a change in the intermediate interval and 
stabilizes in the ending interval (D m > D e ) (916). 

The interaction analyzer 72 also may determine that an object has been knocked over 
on the surface. Specifically, the interaction analyzer 72 may determine that the average total 
pressure does not change, since an object has not been added or removed from the surface ( 
|As -A s |<5 ) (920); and that there is a large change value during the intermediate interval. The 
interaction analyzer 72 may determine that the change value during the intermediate interval 
is greater than a threshold value <D (D m > <D) (922), and that the change value during the 
intermediate interval is greater than the change value at either the starting or ending intervals 
(D m > D s , D m > D e ) (steps 924, 926). The threshold value <D may be chosen based on 
properties of the system components, so as to avoid registering incidental or background 
measurements that do not correpond to actual object movements). 

A visualization, for example FIG. 10, may be created by the PC 38 to display events, 
perhaps using the location determiner 66 of FIG. 5. The visualization includes a graph 74 
comparing the force measured with respect to time. For example, the graph 74 shows that an 
object is placed on the surface at time El, an object is knocked over on the surface at time 
E2, an object is removed from the surface at time E3, and an object is added to the surface at 
time E4. The PC 38 also may create text messages, sounds, or voice messages that describe 

events on the surface 20. 

Contextual information such as position and interaction information may be used to 
characterize the behavior of a human in an environment. For example, as shown in FIG. 11, 
the environment may be a room 76, and the surface 20 may be the floor of the room 76, on 
which chairs 78, 80 and a coffee table 82 are placed. The floor surface 20 may be 
implemented as a position and interaction sensing floor. For example, the floor 20 may be a 
wooden surface resting on four load cells 22, 24, 26, 28 (as shown in FIG.s 2 and 3). The 
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,„ad cells are positioned under the four comers of the surface 20. The .oad cells may be 
chosen based on .he anticipated weigh, .ha. will be applied to the surface. For examp.e, 8- 
,„ad cells, each with a capacity of 1 000N,maybechosenifa.o.alloadof280kg.s 
anticipated. As described above, .he load cells may be conned to the processor 30, whtch 

may be connected to the PC 38. 

The force, and the location of (he force, applied <o the floor 20 by the slationary 
objects (chairs 78, 80 and .able 82) may be measured and stored as ttte pre-load values F0„ 
F0 2 F0„ F0 4 , when the force applied to me floor 20 is determined to be suable. The 
interaction ana.yzer 72 may determine .ha, .he floor 20 is stable when me change vahte of ttte 
average pressure applied ,o .he floor 20 is less .nan a threshold value. For example, when ttte 
Di , D„ and D e values are dose .o zero for more man 5 seconds, me pressure apphed .o me 
floor may be considered suable, and the pre-load values may be stored. 

When a person 84 enters the room (represented on FIG. 11 by. aerit* of linked 
circles), she exerts a pressure on the floor 20. The location determiner 66 calculates the 
center of pressure of ttte person 84, in terms of x and y coordinates, taking into account the 
pre-load values measured by ttte sensors 22, 24, 26, 28. As the person 84 walks about the 
room, changing location, ttte location determiner 66 periodically recalculates the center of 
pressureofthepersonS^ The interaction analyser 72 may determine .ha. me person 84 . 
changing position when one of the D„ D„, and D. values are above a threshold. 

The object tracker 70 tracks ttte position of ttte person 84 with information from the 
location determiner 66. Additionally, the location determiner 66 may compare the location 
of the person 84 to ottter objects in the room. For example, if .he person 84 site in chatr 78, 
the location of the person's center of pressure will be ttte same as the location stored for me 
chair 78 Entry or exit from the room maybe similarly identified. The location of the person 
wift respect to time may be stored and analyzed. For example, the .o.al distance the person 
84 traveled during a period time may be determined, or the overall activity in the room may 
be estimated. 

Other surfaces, for example the coffee table 82, also may be configured to sense 
location and interaction information. As described above, the coffee table may be equipped 
with sensors that may be chosen based on the anticipated force that will be apphed to the 
surface For example, the coffee table 82 may be configured to measure a maximum load of 
8kg which is appropriate for measuring items such as newspapers, magazines, and cups, 
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which wou.d normally be put on a coffee table. Similarly, a dining room table may be 
configured with sensors that measnre a maximum capacity of SOON each, resulting > an 
overall capacity of 200kg. Further examples of surfaces that may be configured to sense 
,„ca,ion and interaction information include shelves and boards that may hang on a wall. 

More than one surface may be used simultaneously to sense location and interact™ 
information. FIG. 12 shows multiple surfaces, each including sensors and a processor, 
interfacing with the PC 38. The surfaces may interface with the PC 38 nsing, for example 
RS-232 or RF transceiver technology 90. A surface manager 92, such as a software module 
controlled by the PC 38, analyzes position and interaction information from tire surfaces 76. 
The surface manager may identify the source surface for information received based on 
surface identifiers 60 included in the data packets 54 sen. by the surfaces 76. Position and 
event information is also included in the data packets. 54 

In one implementation, the surface manager 92 may analyze the information from the 
multiple surfaces 76 and generate a response. For example, a person may be alerted that they 
have left an item behind in a room. As shown in FIG. 1 1, the surfaces may include the floor 
20 and the coffee table 82. The person 84, carrying for example a book, may be tracked as 
she walks across the room 76 on tire floor surface 20. Position and interaction information 
are sent by the floor surface 20 to the surface manager 92. When she sets the book on the 
coffee table 82, the coffee table 82 detects the event of placing the book on the table, and 
sends this position and interaction information to the surface manager 92. When the person 
84 begins to exit the room 76, tire surface manager 92 may interpret information from both 
surfaces 20, 82 (i.e. the coffee table surface 82 still senses the presence of the book, and the 
floor surface 20 senses the reduction in pressure indicating the absence of the person 84) and 
determine that the book has been left behind. The surface manager 92 may men nagger an 
atert such as the sounding of an alarm, or an annonncemen. of amessage. It is also posstb.e 
to record and compare the weigh, of the person 84 as she enters me room <o .he weigh, of me 
person 84 as she leaves the room lo determine if an object has been left behind. 
' The position and interactions of a person or persons with load sensing surfaces may 
he tracked for long periods of time to determine patterns. For example, activities such as 
drinking coffee, having lunch, reading the newspaper, or working, may be studted by 
tracking the person's relationship to the surface. The surfaces in a room, such as the floor 20 
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and coffee table 82 of FIG. 11, collect and send positional and interaction information to the 

PC 38 where it is stored and analyzed. 

Anumberof implementations have been described. Nevertheless, it will be 

understood .ha. various modifications may be made. According Cher implementations are 
within the scope of the following claims. 
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